ABSTRACT Habitat management is a type of conservation biological control that focuses on increasing natural enemy populations by providing them with plant resources such as pollen and nectar. Insects are known to respond to a variety of plant characteristics in their search for plantprovided resources. A better understanding of the speciÞc characteristics used by natural enemy insects in selecting these resources could greatly improve efÞciency in screening plants for habitat management. We examined 5 previously tested and widely recommended resource plants and 43 candidate plants to test whether the number and type of natural enemies and herbivores at each plant were predicted by plant characteristics including: period of peak bloom, ßoral area, maximum ßower height, hue, chroma, and corolla size. Natural enemy abundance increased with week of peak bloom and greater ßoral area across all plants tested. Ordination of plant characteristics indicated that increasing ßoral area, period of peak bloom, maximum ßower height, and decreasing corolla width grouped together into a single principal component. Both natural enemy and herbivore abundance increased signiÞcantly with the principal component for this set of characteristics, but the relationship with herbivore abundance was weaker. These results indicate that, for a given time of the season, selection of plants with the largest ßoral area has potential to increase natural enemy abundance in habitat management plantings and streamline plant selection for habitat management.
One branch of conservation biological control, habitat management, focuses on increasing natural enemy populations by providing them with plant resources (Landis et al. 2000) . Plant-provided resources may include alternate hosts (Menalled et al. 1999 , van Emden 2003 , shelter , Nentwig et al. 1998 , and nonhost food (Baggen et al. 1999, Wilkinson and Landis 2005) . Natural enemies may also beneÞt from access to plant-provided nectar and pollen. Numerous studies have shown that adult parasitoids show increased longevity and/or fecundity with access to nectar or sugars (Dyer and Landis 1996 , Baggen et al. 1999 , Wäckers 1999 , Jacob and Evans 2000 . Although predators use prey resources throughout their lifetime, they may show increased growth rates, longevity, or fecundity if their diet is supplemented with plant resources, including phloem ßuids (Eubanks and Denno 1999) and pollen (Harmon et al. 2000 , Patt et al. 2003 . These resources are often scarce in agricultural systems but may be provided by ßow-ering plants as part of a habitat management program.
A relatively small group of annual plants has been widely tested and recommended to provide plant resources for habitat management. These include sweet alyssum (Lobularia maritima L. Desv.), buckwheat (Fagopyrum esculentum Moench), coriander (Coriandrum sativum L.), dill (Anethum graveolens L.), and faba bean (Vicia faba L.) (Fiedler 2006) . These plants are easily established in new locations and their bloom period can be controlled by time of planting. However, with few exceptions they are not native to the areas in which they are currently used. In contrast, native plants may have advantages over exotics in that they are adapted to the local environment, less likely to become invasive, and when used to help restore degraded habitats, may increase native biodiversity in agricultural landscapes (Fiedler 2006 , Stephens et al. 2006 . Nevertheless, to develop recommendations for use of native plants in habitat management requires an extensive screening process to determine which species best attract natural enemies while not enhancing herbivore numbers (Fiedler and Landis 2007) . The efÞciency of selecting plants for screening could be improved by a better understanding of the plant characteristics that best predict the response of natural enemies.
Various visual signals indicate the presence of plant resources for insects. These include plant height (Wratten et al. 2003) , ßower size (Conner and Rush 1996, Hegland and Totland 2005) , number of open ßowers (Conner and Rush 1996, Hegland and Totland 2005) , and ßower color (Wardle 1990 , Chittka and Menzel 1992 , McCall and Primack 1992 , Wäckers 1994 , Waser et al. 1996 , Begum et al. 2004 . After an insect locates a ßoral resource, resource accessibility may be limited by ßower morphology; corolla depth and width may either prevent or allow insect access to nectar (Jervis et al. 1993 , Patt et al. 1997 , Fenster et al. 2004 .
In previous work, we assessed natural enemy abundance at 43 native and 5 exotic plant species to evaluate patterns in natural enemy response to various plant species. The exotic species consisted of the most widely recommended plants for habitat management and thus are known to be attractive to a wide variety of natural enemies. The native plants were selected based on their ability to grow in agricultural landscapes and with bloom periods that provided resources over an extended portion of the growing season (Fiedler and Landis 2007) . The objectives of this study were to (1) determine whether natural enemy abundance at resource plants was associated with particular ßoral characteristics, including period of peak bloom, ßoral area, maximum ßower height, chroma, hue, and corolla depth and width; (2) assess whether natural enemy taxa respond differentially to these ßoral characteristics, and (3) determine whether natural enemies and herbivores respond similarly to the plant characteristics we measured.
Materials and Methods
We selected 43 Michigan native plant species as candidate resource plants for study (Table 1) in consultation with a Michigan native plant nursery owner (W. D. Schneider, personal communication). Criteria for selection were (1) native Michigan perennials, (2) adapted to nonirrigated agricultural Þeld conditions, (3) represent a diversity of bloom periods from early through late season, (4) from a variety of plant families, (5) varied ßoral color and morphology, (6) forb or shrub species formerly common in Michigan prairie and oak savanna habitats, and (7) commercially available Michigan genotypes. Five previously tested resource plant species not native to Michigan that are frequently recommended to enhance natural enemy insects and Þt criteria 2Ð 4 above were also included in this study for comparison ( 
Arthropod Collection
From May through September, arthropods were sampled weekly from ßowering plants between 0930 and 1330 hours EST on calm, sunny days. Observed peak bloom date varied from 10 May to 21 September for different plant species (Fiedler and Landis 2007) . Statistical analyses were conducted on arthropod samples collected the week before, week of, and week after the peak bloom date for each plant species. This 3-wk period was chosen to reßect the general afÞnity of an arthropod taxon to the plant species over time and to reduce the inßuence of week-to-week variability in catch caused by plant phenology or weather. We use the term afÞnity here based on the number of natural enemy or herbivore arthropods collected per sample; therefore, it includes arthropod attraction to the plant, interaction with the ßowers, and subsequent retention on the plant. Arthropods were collected into a Þne white mesh bag (Kaplan Simon Co., Braintree, MA) placed over the intake of a gas-powered leaf vacuum (Stihl BG55, Norfolk, VA). Sampling was focused on ßowering portions of the plant, and each plot was vacuumed until all ßowers were sampled. Samples were frozen, separated into natural enemies, herbivores, and other, identiÞed to family, and counted. Adult and immature arthropods from any parasitic or predaceous family, or genus or species within a family known to be parasitic or predaceous, were included as natural enemies. Adult and immature insects were counted as herbivores if they were a member of a family known to be broadly herbivorous (Fiedler and Landis 2007) .
Taxonomy
Plant nomenclature follows Voss (1996) , plant taxonomy follows Judd (2002) , and insect taxonomic classiÞcation follows Triplehorn and Johnson (2005) .
Plant Characteristics
We measured maximum ßowering height during full bloom period. Three ßowering plants per plot were randomly selected and measured to the nearest 0.5 cm at the highest part of the tallest open ßower. To estimate ßoral area within the plot, the number of open ßowers per plot was counted each week. For plant species with ßowers containing multiple ßorets, natural ßower clusters were counted and measured. We took digital photos of 10 representative ßowers or ßower clusters per species with a ruler included for reference in each photo (Coolpix 4800; Nikon, Melville, NY). Floral area was selected using the magic wand tool and Þlled in with white (Adobe Photoshop 6.0, San Jose, CA). Images were converted to August 2007 FIEDLER AND LANDIS: PLANT CHARACTERISTICS AND NATURAL ENEMY ABUNDANCEblack and white and resized to a lower resolution. We calculated ßoral area using ScionImage freeware (Alpha 4.0.3.2, www.scioncorp.com). The average area per ßower was multiplied by the number of ßowers or clusters to determine total ßoral area per plot. Flower color was measured on young, open ßowers with intact stamens with an S2000 Þber optic spectrophotometer (PX2 pulsed xenon light source; Ocean Optics, Dunedin, FL) to determine ßoral reßectance from wavelengths of 400Ð700 nm. Plant petals were placed in a 7-mm-diameter circular sample area for measurement. Five ßowers of each species were clipped, placed in a cooler with ice packs, and measured within 5 h of collection. In most cases, the top, center of a petal (or ray ßower) was measured. If an individual ßoret was too small to Þll the sample area (as in Sambucus racemosa), a ßower cluster was placed in the sample area and measured. If a ßower had petals or ray ßowers too narrow to Þll the opening (as in Aster laevis), several were aligned across the sample area. Chroma, the intensity of color, and hue, a measurement of the dominant wavelengths reßected, were calculated using a formula modiÞed from Endler (1990) (personal communication) . Numbers for chroma indicate the percent color saturation and numbers for hue indicate the color, measured on a 360Њ scale, with red at 0Њ, yellow at 90Њ, green at 180Њ, and blue at 270Њ (J. M. Sobel, personal communication). Candidate resource plants native to Michigan are listed Þrst followed by a set of previously tested resource plants, all of which are exotic in Michigan. Plant code is the shortened plant name that appears in Fig. 3 .
a Aster novae-angliae had white and purple color morphs, considered separately in analysis. Total N ϭ 49, although there are 48 species.
Floral morphology was measured on young, open ßowers with intact stamens using a Spot Imaging System (v.3.5.9; Diagnostic Instruments, Sterling Heights, MI) attached to an Olympus SZX12 stereoscope. Corolla depth and width were measured to the nearest 0.01 cm for Þve ßowers per species. For species with ßorets, one ßoret was measured; in Asteraceae, one young, open disc ßower was measured per ßower head. Width was measured at the point where the corolla fused and depth was measured from that point to the ßoral nectaries. In species with nectaries located at the point where petals attach to the gynoecium, corolla depth was measured as zero. A set of species, Amorpha canescens, Desmodium canadense, Lespedeza hirta, Vicia faba, Lobelia siphilitica, Asclepias incarnata and Asclepias tuberosa, had neither a completely open ßoral structure nor fused corollas. In these cases, corolla width and depth measurements as described above did not relate to functional nectar accessibility for insects. Therefore, we measured a functional corolla width of the slit between ßower petals and functional corolla depth from this slit to the base of fused anthers. In the case of Asclepias spp., with Þve hoodshaped staminal appendages radiating from the center, we used width of the slit in one hood-shaped appendage and measured depth from the base of the slit to a nectar source. For some species, notably V. faba, extraßoral nectar may inßuence visitation; however, for consistency among all species, only ßoral morphology was measured.
Statistical Analysis
We calculated the mean of ßoral area, ßower height, week of peak bloom, and number of natural enemies collected the week before, week of, and week after peak bloom within each block and calculated the means of each of these across blocks, yielding one mean for each plant species per year. The relationship between natural enemy abundance and the set of measured plant characteristics per species was examined, Þrst on all natural enemies and then on the two most frequently collected natural enemy groups: Anthocoridae and Chalcidoidea.
We conducted a multiple linear regression on natural enemy and herbivore counts versus a set of plant characteristics: week of peak bloom, ßoral area, maximum ßower height, chroma, hue, corolla width, and corolla depth (PROC REG; SAS Institute 2003). Natural enemy and herbivore counts were log 10 (x ϩ 1)-transformed to homogenize variances. After data transformation, data were normally distributed based on normal probability plots. Plant characteristics were not highly correlated, indicating that no variables were redundant in the Þnal model (PROC CORR; SAS Institute 2003).
There was a visible nonlinear relationship between log 10 (x ϩ 1) number of natural enemies and both ßoral area and week in some cases. Generalized additive models (Hastie and Tibshirani 1990) indicated that these patterns were signiÞcantly nonlinear when a spline was Þt to the relationship between natural enemy number and ßoral area (GAM; R Project 2006) . Therefore, ßoral area squared was included in the variables used to construct the models. We used forward stepwise selection, in which the model is built with variables added sequentially in each case. Although this method tends to overestimate the significance of P values because the data are used to construct the model (Neter et al. 1996) , it was appropriate for use in this case where patterns between insect abundance and plant characteristics were not known a priori.
Eupatorium perfoliatum L., with three times more natural enemies collected at it than at any other plant species, had high leverage and was an inßuential point in the multiple regressions. Without this plant species in the model, the order of variable selection changed, indicating the strong effect of this species. Therefore, E. perfoliatum was removed from the multiple regressions analyses. The data points are, however, included in Þgures (except where noted), and the differences with and without the species are noted in the text.
Although none of the variables were so strongly correlated that the assumption of independence was violated in the multiple regression, the Pearson correlation coefÞcients between variables reached 0.49, indicating some collinearity between variables (an absolute value of one indicates completely correlated variables). Because a principal components analysis (PCA) creates independent variables and allows the relationship among all plant characteristics to be visualized, we also performed a PCA on the plant characteristics. This resulted in a set of new, noncorrelated principal components calculated with eigenvectors based on a set of loadings, the magnitude and direction of which explain the relative importance in the principal component. Loading values greater than Ϯ0.6 were considered inßuential and are discussed individually. We used the Þrst principal component versus log 10 (x ϩ 1) number of natural enemies and herbivores to perform a linear regression to examine the relationship between plant characteristics, natural enemies, and herbivores in a multivariate fashion (Wilkinson 2004) .
Results and Discussion

Natural Enemy Community Response to Plant Characteristics
Multiple Regression Analysis. Week of peak bloom and variables related to ßoral area were both signiÞ-cant predictors of natural enemy abundance in the multiple regression (Table 2) . A positive linear relationship with week of peak bloom explained 30% of the variation in natural enemy abundance (Table 2; Fig.  1) . A positive linear relationship with ßoral area, followed by a negative quadratic relationship with ßoral area, explained an additional 13 and 7% of the variability, respectively. The increase in natural enemy number with week of peak bloom likely reßects an overall increase in insect abundance during the growing season. Hegland and Totland (2005) found a simAugust 2007 FIEDLER AND LANDIS: PLANT CHARACTERISTICS AND NATURAL ENEMY ABUNDANCEilar increase in insect abundance in temperate grasslands. We also observed that the overall set of annual plants we selected bloomed in a narrower timeframe than candidate native species (Fig. 1) . This is in part a function of planting time and the lower numbers of species tested. However, because the early and late blooming perennial species are frost tolerant and able to bloom in colder conditions than annuals, they may offer managers greater ßexibility to have ßoral resources present in the very early and late seasons. When the effect of week is accounted for, variables related to ßoral area are the strongest predictors of natural enemy abundance. We observed linear increases in natural enemy abundance at plants as ßoral area increased up to 2,000 cm 2 /m 2 , after which abundance leveled off (Fig. 2) . This response could be because of greater retention at plants with more ßow-ers and/or greater attraction to plants with greater ßoral area (Thomson 1981) . The shifting response to plant ßoral area at high levels was best described by a negative quadratic model. Overall, this suggests that plants producing Ϸ2,000 cm 2 of ßoral area or more per meter squared at peak bloom tend to have uniformly high numbers of natural enemies with a generally ßat to slightly declining response to ßoral area above this point. The same pattern held for recommended resource plants separately (Fig. 2) , but all of the previously tested species were at or above the line of least squares mean with greater than mean natural enemy abundance for their ßoral area. This indicates that natural enemies do indeed show high afÞnity to these species because they harbor greater numbers of natural enemies per ßoral area than other plants.
At candidate species E. perfoliatum (boneset), however, natural enemy abundance was three times greater per sample than the other 47 species tested (Fiedler and Landis 2007) , and this species had the greatest ßoral area per meter squared. With E. perfoliatum included, the relationship between number of natural enemies and ßoral area was the strongest predictor (P Ͻ 0.001, partial R 2 ϭ 0.360), followed by a linear natural enemy increase with week (P Ͻ 0.001, partial R 2 ϭ 0.144) and marginally signiÞcant increase with chroma (P ϭ 0.053, partial R 2 ϭ 0.040). One possible reason for high natural enemy afÞnity to E. perfoliatum is the large number of nectar-producing ßorets per ßoral area. In addition, this species had a shallow mean corolla depth (2.10 Ϯ 0.14 mm) and ßorets that allow nectar pooling, both factors that contribute to nectar accessibility.
PCA. We next examined the relationship between the suite of measured plant characteristics with PCA. The Þrst principal component explained 30.1% of the variability in plant characteristics with loadings of 0.760 (week of peak bloom), 0.703 (maximum ßower height), 0.679 (ßoral area), and Ϫ0.688 (corolla width). The regression of natural enemy response on the Þrst principal component was significant and positive, explaining 37% of the variation in number of natural enemies (Fig. 3a) . Together, these analyses suggest that natural enemies are responding to the suite of characteristics identiÞed by the loadings on PCA-1, i.e., natural enemies are more abundant at plants that bloom later in the season, are taller, have greater ßoral area, and narrow corollas.
Overall, the PCA results mirror that of the multiple regression in the positive relationship between natural enemy numbers over the season and increased ßoral area. The response to plant height may be because plants blooming later in the growing season are more likely to be taller because they have more time to store Table 1 .
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resources before blooming and taller plants have more three-dimensional area that may be occupied by ßow-ers. The response to narrower corolla widths was unexpected but is likely explained by the fact that Asteraceae (which have narrow corollas) dominated the species blooming in the late season.
Herbivore Community Response to Plant Characteristics
We also examined whether the natural enemy and herbivore communities were responding to the same plant characteristics. Abundance of both groups increased with PCA-1 (Fig. 3) . However, the relationship between PCA-1 and herbivore number only explained 9% of the variability in number of herbivores (Fig. 3b) . This indicates that herbivores responded more weakly to the ßoral characteristics measured here than did natural enemies. Although speciÞc case studies are needed, the stronger relationship between natural enemy abundance and plant characteristics measured suggests that the beneÞt of selecting plants for natural enemy afÞnity may outweigh the potential costs of increased herbivore populations.
Natural Enemy Taxa Response to Plant Characteristics
The two most abundant natural enemies at plants tested were Anthocoridae [entirely composed of Orius insidiosus (Say)] and Chalcidoidea, comprising 30.1 and 24.6% of total natural enemies, respectively (Fiedler and Landis 2007) . We examined the relationship between the afÞnity of each of these groups to the same set of plant characteristics as for all natural enemies using multiple regression. In both cases, abundance of the natural enemy group increased with week of peak bloom and ßoral area (Table 3) . Anthocorid abundance was most strongly related to week and also increased with ßoral area to a point and then declined, resulting in a signiÞcant positive linear relationship and negative quadratic relationship (Table  3) . With E. perfoliatum included, the greatest increase in anthocorid number was with ßoral area (P Ͻ 0.001, partial R 2 ϭ 0.395), followed by week (P ϭ 0.001, partial R 2 ϭ 0.148) and chroma (P ϭ 0.044, partial R 2 ϭ 0.040). Because O. insidiosus could also reproduce on some plants, its numbers may partially reßect its suitability as a host plant not just its attractiveness to adults. Although immature insects were included in insect counts and were likely present as a result of reproduction on the plant, the primary immature natural enemies collected, O. insidiosus and coccinellid larvae, made up only 3.6% of the total natural enemies collected.
Chalcidoidea abundance also showed a positive linear and negative curvilinear relationship with ßoral area, whereas more variability in this model is explained by ßoral area than week (Table 3) . With E. perfoliatum included, there was no signiÞcant relationship between chalcid abundance and week of peak bloom, but number of chalcids did increase with ßower height (P ϭ 0.047, partial R 2 ϭ 0.053). For both Anthocoridae and Chalcidoidea, the ßow-ering resource plants had greater numbers of these families than mown grass surrounding them (Fiedler 2006) . These Þndings indicate that, whereas both anthocorid and chalcid numbers increase over the season, selecting plants with the greatest ßoral area for any particular week of the season is most likely to increase abundance of these taxa at ßowering plants.
Implications and Conclusions
In a companion study, Fiedler and Landis (2007) screened the same selection of Michigan native plants ( Table 1 ) and found that a subset of 24 of them attracted and retained similar or greater numbers of natural enemies as the current set of widely recommended resource plants. This suggests that native ßora in other locales may also contain resource plants that could be identiÞed by similar screening procedures. This study was aimed at revealing whether certain plant characteristics are associated with natural enemy afÞnity to resource plants. If so, this information could be used to better guide screening of potential resource plants in other locales. Our analysis showed a strong effect of week of peak bloom that is likely caused by the increased abundance of natural enemies available in the landscape to be attracted to resource plants as the season progresses. This is interesting, but not particularly helpful as a selection criterion because most managers will want to target speciÞc times of the year to enhance natural enemies against a particular pest. If that pest occurs early in the season, they want to pick the best plants for that early season time frame. After the seasonal effect is factored out, ßoral area is consistently identiÞed as the most important factor in predicting natural enemy afÞnity to a resource plant. This is critical because it suggests that to attract the maximum number of natural enemies at any given point in the season, researchers should focus attention on those with the greatest ßoral areas at that time. The primary natural enemy taxa collected at ßowers, O. insidiosus and Chalcidoidea, showed similar responses to plant characteristics. Herbivorous insect numbers showed a weaker response to the same set of plant characteristics, indicating the potential to identify selective resource plants (Baggen and Gurr 1998) .
In contrast to our expectations, other ßoral characteristics were not consistently associated with abundance of natural enemies. Color has been found to be an important cue for recognition and detection of ßowers from a distance (Kevan et al. 1996) . Other studies indicate that natural enemies respond to color saturation (chroma) and to hue (Maredia et al. 1992 , Begum et al. 2004 . Insect vision sensitivity ranges from 300 to 650 nm, including UV spectra. We measured ßower reßectance from 400 to 700 nm (the range of human vision) and used these reßectances to calculate chroma and hue. With reßectances beginning at 300 nm, a comparison of reßectance in the UV spectrum may have explained a greater percentage of natural enemy number variation at ßowers.
In addition, we found a trend toward increased natural enemy abundance at plants with narrow corollas. This differs from previous research indicating that natural enemy access to nectar and pollen may be limited by ßoral morphology, especially narrow, deep corollas (Wäckers et al. 1996 , Patt et al. 1997 , Jervis 1998 , Cortesero et al. 2000 . Many plants with the greatest abundances of natural enemies in this study were late blooming Asteraceae. In these species, narrow disc ßowers allowed nectar to pool, therefore increasing nectar accessibility. This pattern indicates that functional nectar and pollen accessibility, rather than ßoral morphology measured as corolla depth and width from the point of petal fusion, may play a greater role in natural enemy afÞnity for ßowers. In addition, these data suggest that, although ßoral morphology was not a key component of natural enemy abundance at ßowers in this study, it may play a role in retention of insects at a plant species.
Overall, this study suggests that plant characteristics can be used as one criterion to help improve efÞciency in screening for resource plants. We suggest that to attract and retain the greatest number of natural enemies researchers and pest managers focus attention on those species that produce comparatively large ßoral areas for their normal bloom period. Additional studies in other locales would be useful in determining the robustness of this guideline.
